SII. Test of timestep
In molecular dynamic simulations, the timestep size is constrained by the demand that the vibrational motion of the atoms be accurately tracked. Usually, timestep is limited to femtosecond scale [1] . To perform accurate but economic simulations, we made a test about different timesteps. We fix N l , A min and tan as 3, 33.1 and 0.25, in this Å 
SIII. Finite size effect
In this simulation, the finite size effect could arise if the simulation cell is not sufficiently large. As shown in Figure S2 , we calculate the pressure difference of ∆ MGCN with different sizes at room temperature. We fix the number of graphene layers N l , the area of the minimum pore A min and the cone angle as 2, 33.1 and 
SV. Dependence of cone angle α
also has nonmonotonic dependence on the cone angle . In the following cases, N l ∆ and A min are fixed as 3 and 33.1 , respectively. As shown in Fig. 2(d) , we get the Å 2 biggest , 20.1 kPa, when tan is 0.25. Figure S4 shows the force distribution of ∆ MGCN with different . As for the reasons of the low for the other three : on the ∆ one hand, the narrow nanochannel and many energy barriers of the small-MGCN confine the ratchet effect; On the other hand, the strong diffusion transport and weak negative force of the big-MGCN result in the low . The discussions about ∆ diffusion transport are described in details below. That is why the adopted tan of other simulations is fixed at 0.25 in this paper. 
SVI. Knudsen Diffusion
Diffusive transport, resulted from the concentration difference, also affects the molecular transport. The molecules will move from the high concentration region to the low due to the diffusive transport, and this limits the further growth of concentration. Therefore, the final distribution of air depends on the competition between the ratchet transport (leftward) and diffusive transport (rightward). Since the scale length of the cone-shaped nanopores is much smaller than the mean free path of the air molecules, the Knudsen diffusion [2] occurs here. The Knudsen diffusion flux is defined as, (S1)
where is the mean radium of the nanochannel, and are radiuses of the ̅ minimum and maximum pores. equals to ; u is the characteristic / velocity of air molecules; is the concentration gradient and is the interlayer ℎ spacing of MGCN. In equation (S1), and are substituted by (S2)-(S3). Then Φ equation (S1) can be defined as,
SVII. Evaporation enhancement calculation
According to Hertz-Knudsen Relation [3] as defined here:
where is the evaporation rate of the water, and are the water vapor saturate ṗ ressure and the real vapor partial pressure at the interface respectively. and are the evaporation and condensation coefficient, respectively. is the molar mass of the water molecule. and are the temperature of the water and vapor at the interface respectively.
Normally, and are measured at the range of 0.001 to 1 and very close to each other [3] [4] [5] . is slightly higher than when water is heated to evaporate. [6] And is lower than due to the lower vapor temperature and molecular diffusion.
Therefore, the following assumptions are made: (i) The temperature discontinuity at the water-vapor interface is ignored, i.e., ; (ii) The difference between . = = evaporation and condensation coefficient is ignored, i.e., . = = when MGCN is applied, the enhancement of evaporation, , can be calculated as:
where and are the real vapor saturate pressure at the interface with and without ' MGCN respectively. According to equation (1), can be described as:
Meanwhile, as shown in Figure S4 , due to the diffusion resistance, the vapor would accumulate on the high pressure side, which indicates that the pressure on the high pressure side of MGCN can be regarded as . Therefore, can be determined by:
where is the atmospheric pressure, is the pressure difference between the two ∆ sides of MGCN. Hence, can be described as: 
